A new nanocomposite membrane was used to clean up impurities from complex samples and the obvious synergy was obtained in this paper. The nanocomposite membrane was prepared by dispersing TiO 2 nanoparticles in chloroform and filled in the pores and lumen of polyether sulfone membrane fiber. The novel microextraction method showed the ideal selective extraction effect for alkaloids in the formulae composed of Rhizoma coptidis and the excellent clean-up efficiency compared with the single membrane method. The optimum extraction conditions were as follows: chloroform as accepted phase; the number of nanocomposite membrane fiber bars, 7; extraction time, 30 min; pH of the sample solution, 10.55; desorption solvent, methanol. The limit of detection for the described alkaloids was estimated at 0.122 μg mL −1 . The recovery of the four alkaloids in complex samples ranged from 93.24% to 97.94% with relative standard deviation of <4.99 (n = 5). The validated method had been successfully applied to study the transfer rate of alkaloids in the producing process of Qihuang capsule and the ideal transfer rate of alkaloids was obtained in this paper.
Introduction
Qihuang capsule is a new medicine developed to treat diabetes and consists of 20 kinds of Chinese traditional medicine, which are equivalent to Radix panacis quinquefolii (45 mg per capsule), Gypsum fibrosum (90 mg per capsule), Radix rehmanniae (60 mg per capsule), Radix glehniae (60 mg per capsule), Endothelium corneum gigeriae galli (45 mg per capsule), Rhizoma polygonati (60 mg per capsule), Fructus lycii (120 mg per capsule), Radix scrophularia (60 mg per capsule) and so on. As one of the main composed drug, Rhizoma coptidis exhibits varieties of biological and pharmacological activities such as antidiabetes, anti-diarrhea, anti-microbe, anti-inflammatory and anti-cancer (1) (2) (3) (4) (5) (6) . Medicinal chemistry research showed that protoberberine alkaloids are the main active components in it, including berberine (Ber), palmatine (Pal), coptisin (Cop), epiberbeine (Epi), jatrorrhizine (Jat) and so on. Among them berberine has the potential application for treatment of diabetic nephropathy, one of the diabetic complications which still lacks the ideal drugs. So the total alkaloids or a few of them should be selected as the index components to evaluate the quality of the drugs. The transfer rate of alkaloids in the pharmaceutical process was a vital question for the quality control of the products. Some works had been done for analyzing alkaloids in Rhizoma coptidis using high performance liquid chromatography (HPLC) technique (7, 8) ; however, the serious interference from Qihuang capsule and its low content resulted the insurmountable difficulty for the direct assay of alkaloids. So the pretreatment procedure was generally required prior to its HPLC analysis (9) .
Hollow fiber liquid phase microextraction (HF-LPME) has attracted much attention in recent years (10, 11) . Owing to the low solvent consumption and the big surface area of membrane, HF-LPME has many advantages such as high ability of enrichment and clean-up (12) , and thus has been applied for the determination of chemical drugs in biological samples (13) (14) (15) (16) , trace organic pollutants and metal ions in the environmental samples (17, 18) . However, few reports were done about herbal medicine since the serious interference from the sample matrix could interfere the analysis in most of the analytical methods (9) . Titanium dioxide (TiO 2 ), a magic solid adsorbent, was used as the ideal analyte trapper due to its coordination ability with amines and other unique properties such as high surface-tovolume ratio, low price, and had attracted much interest in analytical chemistry recently (19) . In this paper, TiO 2 nanoparticles were used to prepare nanocomposite membrane fiber to improve the selectivity of alkaloids in the complex formulae based on its unique properties. In addition, the transfer rate of alkaloids in the producing process of Qihuang capsule was studied using the method developed and the results reflected the rationality of pharmaceutical process.
Experimental

Materials and reagents
Rhizoma coptidis samples were bought from local drugstore in Jinan (Shandong, China), and powdered in a mill, and passed through a 40-mesh sieve. Qihuang capsule was obtained from by Dezhou Bocheng Pharmaceutical Co., Ltd with batch number of 140,315 and 140,316, respectively. The hydrochlorides of berberine, palmatine, jatrorrhizine and epiberberine, coptisine sulfate were purchased from National Institute for Food and Drug Control. Acetonitrile and methanol were HPLC grade (Tedia Company, Inc., Fairfield, USA). Water used in the mobile phase was double distilled. Other reagents used in this study were of analytical grade.
TiO 2 nanoparticles were synthesized by using the related report (20) . Primarily, the mixed solution composed of 1.6 mL deionized water and 0.6 mL ethanol was adjusted pH to 3.0 with 0.1 M nitric acid and agitated vigorously. Then, tetrabutyl titanate was added gently and stirred constantly. The obtained gel was dried at 70°C for 24 h, then annealed at 700°C for 6 h, the white particles were obtained.
All the microextraction, experiments were performed using polyether sulfone HF membrane [poly ether sulfones (PES), 0.9 mm inter diameter (I.D.), 1.5 mm outer diameter (O.D.), molecular weight cut-off = 40,000] from Shandong MYKJ (Jinan, China). The fiber was cut into small segments with the length of 1.5 cm to obtain HF bars. Of note, 25 mg TiO 2 nanoparticles was dispersed in organic solvent such as chloroform and n-butanol with ultrasonication for 20 min. Then, the HF bars were put into the dispersion described above and prepared by dispersing in chloroform and filled in the pores and lumen of polyether sulfone membrane fiber.
Apparatus
The analysis was carried out on a SHIMADZU HPLC equipped with a LC-10AT vp pump and an injector with 20 µL loop and a SPD-10A vp ultraviolet-visible spectroscopy (UV-VIS) detector. The chromatograms were integrated with N2000 chromatographic software (Intelligent Information Engineering Institute of Zhejiang University). UV spectrophotometer (Spectronic UV-160A, Shimadzu, Japan), Mettlel AE 240 electric balance (0.01 mg/20 g, Switzerland) and magnetic stirrer/hot plate (DF-101S, Changyi, China) were used.
Chromatographic conditions
Separations were performed on a Diamonsil C 18 column (150 mm × 4.6 mm I.D., 5 µm).
The mobile phase was composed of acetonitrile-0.05 mol/L of potassium dihydrogen phosphate solution (50:50, v/v) (per 100 mL added with 0.4 g sodium dodecyl sulfate and 0.5 mL phosphoric acid).
Before used the mixture was filtered through a 0.45-μm membrane filter and then degassed. The flow rate of mobile phase was 1.0 mL min −1
. Column temperature was kept at 30°C. The UV-VIS detector was set at 365 nm.
Preparation of standard solution
A standard solution of berberine hydrochloride was prepared by dissolving 5.0 mg berberine hydrochloride in 10-mL volumetric flask with methanol. From the solution obtained, a series of standard solution with different concentrations were prepared. For the mixed standards solution, Ber, Pal, Cop and Epi were taken, respectively, weighed precisely, dissolved in 10-mL volumetric flask with methanol as the stock mixed standards solution.
Sample solution preparation
About 0.2 g drug power of Rhizoma coptidis (24 meshes) was taken in 50 mL volumetric flask, dissolved in 50 mL of methanol-hydrochloric acid (100:1), weighed precisely, extracted with using ultrasonication (40 kHz, 500 w) at room temperature for 30 min as mentioned in reference (11) . Then, the solution was filtered through a 0.45-μm membrane filter and the filtrate was kept for microextraction. As for Qihuang capsule, after the coating removed, weighed precisely and powered, then 3 g drug power was taken, dissolved in 50 mL of methanol-hydrochloric acid (100:1) and extracted as the same method described above using ultrasonication (40 kHz, 500 w) at room temperature for 30 min.
HF-LPME procedure
The dry porous PES HF bars were soaked in TiO 2 /chloroform dispersion until the pores and lumen of the HF filled with the dispersion, then washed with purified water to remove the surface of the excess of organic solvent. After that the prepared nanocomposite membrane fiber bars were immersed in a solvent containing 5 mL mixed solution (0.2 mL sample solution, 4.8 mL pure water and 30 μL of 1 M sodium hydroxide) in a small beaker, extracted at a certain stirring speed for 0.5 h, washed with purified water to remove the impurities adsorpted, then transferred to the centrifugal tube that contained 1.0 mL of methanol and extracted with ultrasonication for 25 min. The eluent obtained was used for HPLC analysis.
Results
Optimize the chromatographic conditions and identification of the chromatographic peaks
We referred to the relevant information in the Chp2015 to optimize the composition of mobile phase for alkaloids separation. In Chp2015, the mobile phase was composed of acetonitrile-0.05 mol/L of potassium dihydrogen phosphate solution (50:50, v/v) (per 100 mL added with 0.4 g sodium dodecyl sulfate and adjusted the pH value to 4.0 with phosphoric acid). In order to operate simply and accurately, the amount of phosphoric acid added was selected as 0.5 mL.
The identification of the components of the pharmaceutical samples was confirmed by standard addition method and the comparison of their retention factors and the UV spectra of the analytes with the standards. Rhizoma coptidis and different batches of Qihuang capsule were pretreated and determined as described above. The retention behaviors of alkaloids were shown in Table I . Mean values of relative retention times of Ber, Epi, Cop and Pal were 0.71, 0.77, 0.92 and 1.00, respectively, with relative standard deviation (RSD%) <0.158 totally and the results coincide with Chp2015 well. In addition, the components corresponding to the chromatographic peak in the sample were confirmed by comparison of the UV spectra of chromatographic peaks in the samples with those in standard solutions, respectively. The UV spectra of the corresponding chromatographic peaks of the sample and the mixed solution were obtained by using the spectral scanning function of chromatographic workstation. All the UV spectra of the corresponding chromatographic peaks of the sample and the mixed standard solution had the very similar absorption curves as shown in Supplementary Figure 1 . These absorption curves all had four absorption peaks in the range of 200-650 nm, the maximum absorption wavelength and the shape of all the UV spectra was consistent. The UV spectra of the four chromatographic peaks were very similar owing to their similar structure, and moreover the spectral curves were smooth. Thus, it could be induced that the corresponding chromatographic peaks of the samples and the standard solution were the same components, that is, the peak with relative retention time with 0.9182, 0.770 and 0.7112 was Pal, Cop and Epi, respectively, referred with the relative retention time of Ber.
Optimize the microextraction conditions
The extraction behaviors of Ber were used to evaluate the optimized the microextraction conditions of alkaloids owing to their similar structure. The main factors, such as the acceptor phase, the number of nanocomposite membrane fiber bars, pH of the sample solution, effect of salt in sample solution and selection of the desorption solvent, were explored using HPLC. Figure 1 summarizes the results of the optimized conditions of Ber.
The type of organic solvent used as acceptor phase was explored since the different distribution coefficients of the complex constituent would be obtained. The extraction efficiency of chloroform and n-butanol was selected because they were usually used to extract alkaloids in Rhizoma coptidis. The suitable organic solvent should be immiscible with water and have the good capability for extracting berberine-type alkaloids. So, the four organic solvents (chloroform, decanol, octanol and n-butyl alcohol) were selected to investigate the efficient pretreatment. Dichloromethane was not chosen because of its low boiling point and volatility. Results showed that the extracting capability order for extracting berberine-type alkaloids was as follows, chloroform > decanol > octanol > n-butyl alcohol, with the extraction efficiency of 92.8%, 88.5%, 86.7% and 84.3%, respectively. This is in contrast to the polar order of the four solvents, the solvent with weak polarity had stronger capability for extracting berberine-type alkaloids owing to the low polarity of alkaloids under the alkaline conditions. In addition, Figure 2c showed that the comparison of different acceptor phases of microextraction, chloroform as acceptor phase, had the more ideal resolution efficiency than n-butanol. Thus, chloroform was selected for further experiment.
The number of nanocomposite membrane fiber bars had an obvious effect on the extraction efficiency. Results (Figure 1a) showed that the extraction efficiency increased slightly when the number of the HFs solvent bars increased from 4 to 7 and decreased obviously with the amounts increasing furtherly. Thus, the number of nanocomposite membrane fiber bars was selected in the experiment.
Extraction time could have a significant effect on extraction efficiency since the partitioning of analytes between the aqueous and organic phase. The effect of the extraction time was studied from 10 to 50 min at a stirring rate of 1,000 rpm. The extraction efficiency increased with the extraction time until 20 min, after that changed slightly as shown in Figure 1b . Therefore, 30 min was selected to obtain higher extraction efficiency.
The basic solution usually used to extract alkaloids in traditional solvent extraction procedure. So the pH of the sample solution was adjusted by adding 0, 10, 20, 30 and 40 μL of 1 M sodium hydroxide solution. The final pH of each solution measured by a pH meter was 7.4, 9.91, 10.55, 10.75 and 10.87. Lower pH is not investigated because the alkaloids described are quaternary alkaloids and difficult to partition into organic solvents if the sample solution was at acid conditions. So only the basic solution was used to investigate the extracting efficiency of alkaloids. The extraction efficiency was 71.3%, 91.1%, 93.8%, 93.4%, 92.7%, respectively, according to pH from low to high, results demonstrated that the higher the pH of sample solution was, the higher the extraction efficiency was, whereas at the pH of sample solution higher than 9.91, the extraction efficiency changed slightly. Results indicated that the alkaloids were transferred easily and extracted into the organic phase adequately in the basic solution and the ideal pH of the sample solution for microextraction was at pH 10.55. Methanol, ethanol and chloroform were used as desorption solvents, respectively, to explore their eluting efficiency and methanol was selected owing to its good ability to elute and compatibility with the subsequent detection.
Figures of merit
The proposed method was accurate enough to analyze the berberine-type alkaloids in drug materials and capsules from the results shown in Tables I and II . Under the optimized experiment conditions, the calibration curve was linear in the range of 0.0325- The values in parentheses represent the recovery rate of alkaloids in capsules.
0.1625 mg/mL for Ber with the correlation coefficient (r = 0.9991). Coupled with the extraction procedure, the dynamic linear range (DLR) for Ber was in the range of 1.3-6.5 μg mL . Results in Table I showed the good repeatability of the method, the RSD values of the relative retention time and peak area of Ber, Epi, Cop and Pal ranged from 0.11% to 0.158% and from 0.6% to 2.1% for intra-assay precision, respectively. The RSD values of the analyzed component were all <1.7% and 4.3% for drug materials and Qihuang capsule, respectively. In addition, the accuracy of the method had been studied by adding the four alkaloids standard to the power of drug materials and Qihuang capsule to assess matrix effects. Five portions of 20 mg drug power of raw material and 0.3 g drug power of capsule were taken and spiked with known amount of each standard (Ber, Pal, Cop and Epi were 1.2, 0.32, 0.34, 0.2 mg, respectively, in a mixed solution), respectively, extracted and analyzed as the pretreated method described above. Results in Table II showed that the average recovery of the four alkaloids in complex samples ranged from 93.24% to 97.94% with RSD of <4.99 (n = 5). So results suggested that the proposed method had the good repeatability and accuracy. The contents of Ber, Epi, Cop and Pal in Coptis chinensis drug materials were calculated by using multicomponents assay by single marker method combined with external standard method, while only the contents of Ber and Pal in Qihuang capsule were determined because of the undesirable separation conditions caused by the various sample constituents. Table III summarizes the results of the alkaloids in the samples and Figure 2 displayed the HPLC chromatograms of references and real samples. The present method was compared with the method mentioned in Chp2015 in terms of the content of alkaloids in the drug samples. Table IV showed the compassion of merits of the new method compared to the previously reported methods.
Discussion
Scanning electron microscopy (SEM) was used to investigate the interaction mechanism nanocomposite membrane. Figure 3a and b showed that the morphology of the PES membrane and TiO 2 existed alone. It can be seen that TiO 2 particles were spherical approximately with the average particle size in the 200-300 nm and a certain degree of agglomeration phenomenon existed, while the blank PES membrane had the relatively loose surface structure. Figure 3c and d showed the morphology of the nanocomposite membrane before and after microextraction. As shown in Figure 3c , the surface structure of the nanocomposite membrane became less dense, the agglomeration of ferrite particles was also reduced and the particle dispersion uniformity seemed enhanced. In addition, Figure 3d showed that the surface structure of the nanocomposite membrane was maintained well and stable enough for microextraction use. Figure 2c showed that the separation effects of alkaloids in Qihuang capsule used n-butanol(I) and nanocomposite membrane(II), respectively, and the obvious resolution effect was observed when nanocomposite membrane was applied to prepare the complex samples. Good separation was obtained for the main alkaloids while only some of them were quantified owing to the low concentration. In conclusion, nanoparticles could be distributed evenly in the membrane surface after dispersed in organic solvent and the obtained nanocomposite membrane had the synergy action for extraction, so it is an ideal method for microextraction use.
Conclusion
This paper provided a new useful method for the quality control of Qihuang capsule. Research showed that the new microextraction technique for the assay of alkaloids in Chinese compound formulabased polyether sulfone membrane fiber decorated by TiO 2 nanoparticles was an ideal tool to pretreat the complex sample. At the same time, this method coupled with HPLC detection overcame the potential interference of coexistence purities in complicated samples furtherly and could be used to determine the content and the transfer rate of multicomponent throughout the pharmaceutical process.
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